The nutrition of soccer players is an important topic and its knowledge may help to increase the quality of this popular game and prevent possible health problems and injuries in players. This meta-analysis aims to estimate the current dietary trends of three basic macronutrients in junior and senior soccer players during the first two decades of the 21st century. We analyzed data from 647 junior players (mean age 10.0-19.3) from 27 groups, and 277 senior (mean age 20.7-27.1) players from 8 groups from altogether 21 papers in this meta-analysis. Weighted averages were calculated for each macronutrients. Protein intake is higher than recommended in both juniors, 1.9 95% confidence interval (CI) 1.8-2.0 g/kg/day, and seniors 1.8 95% CI 1.6-2.0 g/kg/day. However, carbohydrate intake is still below the recommended values in both groups (5.7 95% CI 5.5-5.9 g/kg/day in junior and 4.7 95% CI 4.3-5.0 g/kg/day in senior players). The proportion of fat as total energy intake is in concordance with the recommendations (31.5 95% CI 32.0-35.9% in junior and 33.1 95% CI 29.9-36.2% in senior players). In particular, due to possible health complications, the small carbohydrate intake should be alarming for coaches, nutritional experts, and parents.
Introduction
Association football, commonly known as football or soccer is the most popular sport worldwide [1] . Most likely, it is also one of the most dynamically developed sports, which puts high demands on individual physical performance [2] . It is well-known that nutrition plays an important role in the training process. Properly led training should include recommendations regarding macronutrients intake based on knowledge verified by research. Athletes often in an effort to improve performance use a variety of nutritional ergogenic aids to enhance performance. Often, however, it would be sufficient only to adjust the standard diet to meet their requirements. Even though several recommendations have been made over the past twenty years, current reviews indicated that macronutrient intake in soccer is probably still not adequate to fulfil the requirements of players [3, 4] . To better estimate the macronutrient intake, we decided on creating a meta-analysis based on the scientific works published during the first two decades of the 21st century. Our results may serve as an example for people who are responsible for successful training programs in soccer.
Although macronutrients could not be counted directly among the ergogenic aids, which are classified as nutritional, pharmacologic, physiologic, or psychologic and range from the use of accepted techniques such as carbohydrate loading to illegal and unsafe approaches such as anabolic-androgenic steroid use [5] , macronutrients could have an ergogenic effect. Most nutritional aids can be categorized as a potential energy source, an anabolic enhancer, a cellular component, or a recovery aid. Studies have shown that carbohydrates consumed immediately before or after exercise enhance performance by increasing glycogen stores and delaying fatigue. Proteins may serve an anabolic role by optimizing
Search Strategy
We identified relevant papers published between the years 2000 and 2019 referenced in EBSCOhost-SPORTDiscus, Scopus, and PubMed. We used the same search terms in all the databases (Table 1) . Additionally, we hand-searched the reference lists of eligible papers and of several recently published reviews for further studies.
Inclusion Criteria
We assessed the dietary habits of male soccer players in two different age categories: juniors and seniors. We only included cross-sectional studies or baseline data from intervention trials that met the following inclusion criteria: date of publication 2000-2019, written in English language, with the presence of information about macronutrient intake (proteins, CHO, lipids, or fat). We excluded studies focused on the effect of special supplementations of macronutrients and micronutrients, where no information was given about dietary habits before the intervention. 
Data Collection and Quality Assessment
We downloaded all the potential papers in EndNote, and deleted all the duplicates. We then screened titles and abstracts of papers to identify studies that potentially met the eligibility criteria. Full texts were subsequently assessed for eligibility. After examining the full text for inclusion or exclusion, the remaining papers were included in the synthesis. Additionally, we added two relevant papers that were identified from reference lists of the papers identified through database searching. After identification of eligible papers, the Joanna Briggs Institute-Qualitative Assessment and Review Instrument (JBI-QARI) was used to assess the methodological quality of the included studies [26] . All the authors were in agreement about the quality of all papers.
Calculation of Weighted Averages Nutritional Intake
As main measures, we calculated the weighted averages for junior and senior players separately.
We used a fixed model approach where the weighted average was calculated as
, where w i is the weight of each study calculated as
, and v i is the within-study variance for study (i) and T i is mean for study (i). The variance of the weighted average is defined as v. = . The 95% confidence interval (CI) for weighted average was computed as lower limit = T. − 1.96 * SE(T.) and upper limit = T. + 1.96 * SE(T.) [27] . Additionally, we estimated the heterogeneity using Cochran Q statistic as
where df is the degrees of freedom. A rough guide to interpretation of I 2 is as follows: 0 to 40% might not be important, 30% to 60% may represent moderate heterogeneity, 50% to 90% may represent substantial heterogeneity, and 75% to 100% represents considerable heterogeneity [28] . We then performed a sensitivity analysis to decrease heterogeneity to less than 40%. During the sensitivity analysis, we excluded studies that caused the heterogeneity to be higher. Then we calculated the standard deviation (SD) for each weighted average as, SD = √ N * (upper limit−lower limit) 3.92 . Finally, we compared the weighted averages within and between the groups by assessing 95% CI of the differences of weighted averages calculated as
, where x 1 and n 1 are the mean and size of the first sample, and σ 1 the first population's SD, and x 2 and n 2 are the mean and size of the second sample, and σ 2 the second population's SD. In this case, if an interval does not contain zero, the corresponding means are significantly different. All the statistic and plots were carried out using Microsoft Excel 2016.
Results

Description of Studies and Study Population
Of the 1998 papers identified as potentially relevant during the database search, 19 were included. From the search of reference lists, we added 2 papers. Altogether 21 papers were finally analyzed ( Figure 1 ). The quality of the included studies was sufficient according to the JBI-QARI score. Papers included data from 647 junior players (mean age 10.0-19.3) from 27 groups, and 277 senior players (mean age 20.7-27.1) from 8 groups. All the included groups came from teams that played at elite or sub-elite level. Studies published in the papers were conducted in the United Kingdom (4×) [29] [30] [31] [32] , Spain (4×) [33] [34] [35] [36] , Brazil (2×) [37, 38] , Italy (2×) [39, 40] , Netherlands (2×) [41, 42] , Australia (1×) [43] , Greece (1×) [44] , Mexico (1×) [45] , Malta (1×) [46] , Turkey (1×) [47] , India (1×) [48] , and France (1×) [49] . Several methods were used to record the dietary intake. Most of them were based on self-report or self-record approaches. Recording time varied from 24 h to seven consecutive days. A summary of studies describing the information is presented in Table 2 . score. Papers included data from 647 junior players (mean age 10.0-19.3) from 27 groups, and 277 senior players (mean age 20.7-27.1) from 8 groups. All the included groups came from teams that played at elite or sub-elite level. Studies published in the papers were conducted in the United Kingdom (4×) [29] [30] [31] [32] , Spain (4×) [33] [34] [35] [36] , Brazil (2×) [37, 38] , Italy (2×) [39, 40] , Netherlands (2×) [41, 42] , Australia (1×) [43] , Greece (1×) [44] , Mexico (1×) [45] , Malta (1×) [46] , Turkey (1×) [47] , India (1×) [48] , and France (1×) [49] . Several methods were used to record the dietary intake. Most of them were based on self-report or self-record approaches. Recording time varied from 24 hours to seven consecutive days. A summary of studies describing the information is presented in Table 2 . The beginning of the year 5 consecutive days (including 3 weekdays and 2 weekend days)
Self-recorded using household measures such as cups, dishes, and spoons
Murphy [30] 2006 UK
English Premier League and a League One
The mid-season 7 consecutive days Self-reported; to eliminate the possibility of under-reporting, the basal metabolic rate (BMR) of all participants was calculated. Any subjects thought to be underreporting were eliminated from the study. Self-recorded with a weighing scale and a questionnaire to record the type and quantity of food eaten.
Russell [32] 2011 UK UK Championship soccer team
The first half of the competitive season 7 days (a match day, 4 training days, and 2 rest days in the first half of the competitive season)
Dietary Intake in Individual Groups
In junior players, the lowest energy intake per day was 1903 (432) kcal/day in 12.7 (0.6) year old players in the study by Naughton [31] and the highest energy intake was 3478 (223) kcal/day in 16.6 (0.2) year old players in the study by Ruiz [36] . In senior players, the lowest energy intake was 2164 (498) kcal/day in 27.1 (4.2) year old players in the study by Bonnicci [46] and the highest energy intake was 3442 (158) kcal/day in 24.8 (5.5) in the study by Hassapidou [44] . If divided according to the body mass, the lowest energy intake was 28.1 (6.8) kcal/kg/day in 16.4 (0.5) year old players in the Naughton study [31] and the highest energy intake was 77.8 (7.6) kcal/kg/day in 10.0 (0.8) year old players in the Cherian study [48] in juniors. The lowest energy intake per body mass per day was 29.7 (7.3) kcal/kg/day in senior players, aged 27 (5) years, in Devlin (2016) [43] , and 46.0 (2.1) kcal/kg/day in Hassapidou [44] was the highest energy intake in seniors. The lowest protein intake per body mass per day was 1.3 (0.2) g/kg/day in 16-19-year-old players in the study by Murphy [30] , while the highest protein intake was 2.2 (0.5) g/kg/day in 12.7 (0.6) year old players in the Naughton study [31] . There was also 2.2 g/kg/day found in three other studies amongst juniors. There was a very homogeneous result in protein intake per day in seniors. The lowest intake was 1.8 (0.1) g/kg/day in the Ruiz study [36] , and 2.0 (1.3) g/kg/day was the highest intake in the Hassapidou study [44] . In contrast to protein, the CHO intake was heterogenic in both the groups. The lowest intake was 3.2 (1.3) g/kg/day in 16.4 (0.5) years old players in the Naughton study [31] , and 12.9 (3.0) g/kg/day was the highest intake in 10-year-old players in the Cherian study [48] . A low intake of 2.9 (1.1) g/kg/day was found in senior players, aged 27 (5) years, in the Devlin study [43] , which was the lowest intake in both groups. The highest intake in seniors was 5.9 (0.7) g/kg/day CHO in players aged 23 (7) years in the study by do Prado [37] . The lowest proportion of fat on TEI was 24(2)% in 10.0 (0.8) year old players in the study by Cherian [48] . The highest percentage was 39(1)% in 16.6 (0.2) year old players in the study by Ruiz [36] . Amongst seniors, there was 3 × 29% as the lowest percentage of fat on TEI a day and 41(6)% was the highest percentage in Hassapidou [44] . An overview of individual intake is given in Table 3 .
Meta-Analysis
During sensitivity analysis, we excluded the groups Ruiz [36] (51.5 (2.5)) and Galanti [40] from the overall analysis, Murphy [30] (1)) from the overall analysis and Ruiz [36] (39 (1) ) from the 2000-2009 analysis and again both the Cherian [48] groups from 2010-2019 analysis of fat analysis were excluded. We did not exclude any study during the sensitivity analysis of senior players. Despite this, the I 2 was 0% in almost all the senior players' analyses except in the fat analysis where I 2 was 20.5% in the overall analysis and 39.4% in the 2000-2009 analysis. Taking into account the reference value, protein intake was significantly higher than the upper level of the reference value (1.7 g/kg/day) in juniors, and CHO intake was significantly lower than the lower limit of the reference value (6 g/kg/day) in almost all the analyses except the juniors' in 2000-2009. Percentage of fat on TEI showed normalized percentages in both groups. Forest plots with marked reference values showing each weighted average are presented for juniors in Figure 2 and for seniors in Figure 3 . Energy intake was very similar in both groups 44.1 (95% CI 42.5-45.7) in juniors and 42.9 (95% CI 40.1-45.6) kcal/kg/day in seniors. A decreasing tendency between 2000-2009 and 2010-2019 was also found in both groups; however, a statistically significant difference was only found in juniors. When the energy intake between juniors and seniors was compared over time, there was no statistically significant difference in energy. A very consistent result was found for protein intake in both groups. The protein intake oscillated between 1.8 to 2.0 g/kg/day in juniors and 1.8 to 1.9 g/kg/day in seniors, respectively. There was a statistically significant decreasing tendency between 2000-2009 and 2010-2019 in CHO intake in both categories. A significantly lower CHO intake was found in seniors compared to juniors at all times. Percentage of fat in TEI was very similar in both groups in overall analyses. This also decreased over time in both groups. The decrease between times was statistically significant in juniors. Table 4 shows the results of meta-analysis. 
Discussion
The results of this meta-analysis show that there is a relatively stable development in protein intake in the junior as well in the senior category. Furthermore, there is a decreasing CHO intake trend amongst the junior as well as the senior players. In both categories, CHO intake is not adequate taking into account the recommended values. Despite the decreasing trend, the fat proportion in TEI is adequate in both categories.
Energy intake per body mass decreased in the last decade when compared with the first ten years of the 21st century. This estimate is interesting when considering the physiological demands of the soccer game, which have always been high and have increased substantially over the last decade [50] [51] [52] . In contrast, a relatively high protein intake in both categories is expected. A high protein intake has been recommended for athletes for many years [16, [53] [54] [55] [56] . Although evidence of a high protein diet causing harm in athletes has not been confirmed [57] , there is compelling evidence that an intake in excess of approximately 1.7 g/kg/day will not help to build and repair muscles [58] . However, it should be noted that there is preliminary evidence that consuming much higher quantities of protein (>3 g/kg/day) may confer a benefit as it relates to body composition. Concerns that protein intake within this range is unhealthy are unfounded in healthy, exercising individuals [24] .
While an increased protein intake is understandable, the lower CHO intake raises questions. It is well-known that an adequate CHO intake may play an important role in the recovery process [20, 59, 60] . CHO supplementation has shown to be a beneficial ergogenic aid in improving performance in soccer [61] . One of the important roles of CHO from diet in a human body is muscle glycogen resynthesizes before, during, and after sport activities. Muscle glycogen is the predominant energy source for soccer match play [61] . The game performance in soccer places great demands at muscle glycogen storage. At the end of the game, about half of the muscle fibers may be almost empty or empty of glycogen [62] . Development of fatigue during prolonged intermittent exercise has been associated with lack of muscle glycogen, and it has been demonstrated that elevating muscle glycogen prior to exercise through a CHO diet elevates performance during such a type of exercise [63] . CHO intake of less than 5 g/kg/day in the habitual diet of soccer players might be sufficient to replenish the muscle glycogen utilized during soccer specific performance. However, cumulative deficits of about 10% in glycogen replenishment might provoke decrements in performance [64] . Before an important soccer match, soccer players should have a high CHO intake that provides at least 8 g/kg/day CHO diet, and in every possible way should avoid eating a low 3 g/kg/day CHO diet before the match [60] . There is evidence that increasing the CHO intake from 5.4 to 8.5 g/kg/day allowed better maintenance of physical performance and mood state over the course of training in trained runners [65] and a range of evidence to improve the soccer performance after using different CHO supplementation before a game [61, [66] [67] [68] [69] [70] [71] . Moreover, a high CHO diet may be particularly important where there is limited recovery time between games [72] . It is not possible to conclude what causes players to cut CHO intake. It may have come about from as a consequence of warnings about CHO overuse in the general population. However, nutrition specialists who are responsible for players' diets, particularly for seniors, should be aware of the facts and not discourage players from increasing CHO intake unnecessarily. The long-term low-carbohydrate regimens are potentially harmful to the performance of the athlete [73] . Among the problems mentioned, there are impaired cognitive performance, mood, perceptions of fatigue [65] , and an inability to focus on the task or a greater susceptibility to skeletal muscle damage while training or competing [74] . Problems may also be in a low-carbohydrate with high-fat diet, which may result in a decrement in performance gains [75] . Hassapidou [44] and Ruiz [36] may probably be counted among the problematic ones in this case. Nevertheless, we did not find any trend that would be a concern for the other studies in this question.
Regarding the fat intake, in our meta-analysis this topic is relatively limited. Majority of studies included here have described just the fat intake in general as percentage of TEI. Differentiating between saturated and unsaturated fatty acids would be more appropriate. What is interesting is the decreasing trend in the proportion of fat intake between the first and second decades. Mean fat intakes noted by Iglesias-Gutiérrez [35] , Ruiz [36] , or Hassapidou [44] were above 35%; however, in later studies the proportion was about ≤30%. Although no mean proportion was below the recommended lower limit, which is 20% of TEI, it may be important to be aware of the trend in decreased fat consumption over recent decades. Considering the importance of fats in humans, we can conclude that the fat proportion in TEI is in concordance with the recommendations.
Limitations
This meta-analysis has several limitations. Even though the quality of included studies was sufficient, the methods used to estimate players' diet differed across studies. There were relatively high differences among the methods, recording season, or recording periods, which were used in the studies. Sometimes, the records were collected in consecutive days, whereas in other studies records were collected only on selected days, such as rest days, training days, pre-match days, and match days. Macronutrients were taken as general without regard of the quality in all the studies. Although all the groups came from clubs playing in elite or sub-elite leagues and nutrition specialists probably created diet recommendation for almost all the players who were included, national eating habits might have influenced results. For example, Malta, India, Turkey and Australia, which are not typically soccer-playing countries, were included only in the second decade.
Conclusions
In conclusion, taking into account the aforementioned limitations, this is the first meta-analysis that gives a comprehensive insight into the development of a macronutrient diet in soccer players during the first two decades of the 21st century. While protein intake is higher than the recommended in both seniors and juniors, it appears that despite recommendations, CHO intake is still below the recommended values in both groups. To avoid possible health problems the CHO intake should be more carefully monitored in soccer players. Responsible people (coaches, nutrition specialists, parents) and of course the players themselves should care to notice players' normal daily intake and perhaps increase basal levels of CHO intake or daily intakes when replenishment of daily deficits are necessary. When possible, it may be beneficial to assess amounts of glycogen depletion to better understand the extent of deficits and how much replenishment may be necessary. The proportion of fat as TEI is in concordance with the recommendations. Future studies should consider using consistent methodology to improve the knowledge of nutritional trends in soccer players.
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